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ABSTRACT To address the mechanisms controlling T
helper (Th) phenotype development, we used DO10, a trans-
genic mouse line that expresses the af8 T-cell receptor from an
ovalbumin-reactive T hybridoma, as a source of naive T cells
that can be stimulated in vitro with ovalbumin peptide pre-
sented by defined antigen-presenting cells (APCs). We have
examined the role of cytokines and APCs in the regulation of
Th phenotype development. Interleukin 4 (IL-4) directs devel-
opment toward the Th2 phenotype, stimulating IL-4 and si-
lencing IL-2 and interferon y production in developing T cells.
Splenic APCs direct development toward the Thl phenotype
when endogenous IL-10 is neutralized with anti-IL-10 anti-
body. The splenic APCs mediating these effects are probably
macrophages or dendritic cells and not B cells, since IL-10 is
incapable of affecting Th phenotype development when the
B-cell hybridoma TA3 is used as the APC. These results suggest
that early regulation of IL-4 and IL-10 in a developing immune
response and the identity of the initiating APCs are critical in
determining the Th phenotype of the developing T cells.

The recognition of distinct patterns of cytokine production
among murine T-cell clones has led to the concept that the
heterogeneity of CD41 T cells (1-3) underlies the develop-
ment of divergent immune responses to antigens (4, 5). Type
1 T helper (Thl) clones, producing interleukin 2 (IL-2) and
interferon y (IFN--y), elicit delayed-type hypersensitivity
(DTH) responses and activate macrophages against intracel-
lular pathogens (6, 7). Th2 cells, by secreting IL-4, IL-5, and
IL-6, provide more efficient help for B-cell activation, anti-
body production, and switching to the IgE and IgG1 isotypes
(8-11). The potential for T cells with these distinct pheno-
types to develop in vivo, particularly in settings of chronic
infections, such as Leishmania (4, 12), Nippostrongylus
brasiliensis (5), or Schistosoma mansoni (13), may explain
how DTH and humoral responses to antigen can be mutually
exclusive.

IL-4 has been implicated as necessary for production of the
IL-4-producing, Th2 phenotype in vitro (14-16). Swain et al.
(17) have identified transforming growth factor 3 as influ-
encing in vitro development toward Thl cells. Gajewski and
Fitch (18) have proposed that IFN--y skews toward Thl
development, based on the antiproliferative effects of IFN--y
on Th2 clones (18), and on the proportions of Th1 versus Th2
clones isolated in the presence of IFN-y (19). In vivo, IL-4
and IFN-y have been similarly shown to regulate Th re-
sponses to Leishmania infection (12, 20). Other cytokines,
such as the Th2-derived cytokine IL-10, which inhibits cyto-
kine synthesis by Th1 clones (21, 22), have not been examined
for effects of Th phenotype development.
The transgenic mouse line DO10 (23) expresses the a,3

T-cell receptor (TCR) from the T-cell hybridoma DO11.10
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(24), reactive to the chicken ovalbumin (Ova)-(323-339)
peptide. The majority of CD4+ T cells from this mouse line
express the antigen-specific TCR clonotype from DO11.10
and can be identified with the anti-clonotypic monoclonal
antibody (mAb) KJ1-26 (25). This report examines the effects
of the cytokines IL-4 and IL-10 and antigen-presenting cells
(APCs) in the developmental regulation of Th phenotype. We
show that naive T cells expressing a single af3 TCR clonotype
can differentiate to both Thi and Th2 phenotypes under certain
cytokine and APC conditions when stimulated by fixed levels
of peptide antigen in vitro. Therefore, neither antigenic
specificity nor antigen density exclusively determine pheno-
type. Our results show that the cytokines IL-4 and IL-10 as
well as the initiating APCs can influence phenotype emer-
gence.

MATERIALS AND METHODS
T-Cell Purification and Culture. Splenocytes from unim-

munized transgenic mice (23) were isolated on a Ficoll
gradient (Histopaque-1119, Sigma). Cells not adherent to
nylon wool were subjected to complement lysis using CA4
(pan anti-class II major histocompatibility complex proteins)
(A. L. Glasebrook, Eli Lilly) and 3.155 (anti-CD8) (26),
followed by a 2-hr adherence at 37°C. The remaining cells
were >95% pure CD4+ T cells as shown by flow cytometry
and gave no proliferative response or cytokine production
(<0.2 unit of IL-2 per ml) to Ova-(323-339) without added
APCs.
T cells (2.5 x 105 per well) were stimulated in 24-well plates

with 0.3 uM Ova-(323-339) presented by various irradiated
APCs: BALB/c splenocytes [2600 rads (1 rad = 0.01 Gy), 5
x 106 per well], SCID (severe combined immunodeficiency)
splenocytes (2600 rads, 2.5 x 106 per well), or the H-2d/k-
expressing B-cell hybridoma TA3 (10,000 rads, 5 x 105 per
well) (27). Effects of cytokine or antibody additions were
determined by assaying cytokine production by T cells res-
timulated without added cytokine or antibody.

Cytokines and Anti-Cytokine mAbs. IL-10 (28) was used at
10 units/ml. Anti-IL-10 mAb SXC-1 (29) and anti-IL-4 mAb
11B11 (30) were used at 10 jig/ml. Recombinant murine IL-4
(Genzyme) was used at 200 units/ml or as indicated.

Cytokine Assays. IFN-y, IL-4, IL-2, and IL-5 were quan-
titated with a sandwich ELISA (31). For IL-4, the anti-IL-4
mAb 11B11 (10 ,g/ml) was used as the primary (coat)
antibody, with polyclonal rabbit anti-IL-4 (1:20,000) (Gen-
zyme) as the secondary antibody. IL-2 was assayed similarly
with a rat anti-mouse IL-2 mAb (1.25 Ag/ml) (Genzyme) and
polyclonal rabbit anti-IL-2 (1:5000) (Genzyme). IL-5 was
assayed with anti-IL-5 mAb TRFK-5 as the primary antibody

Abbreviations: APC, antigen-presenting cell; Ova, ovalbumin; mAb,
monoclonal antibody; Th, T helper; TCR, T-cell receptor; IL,
interleukin; IFN, interferon.
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FIG. 1. Expression of identical TCR clonotype by DO10 trans-
genic T cells and Thi and Th2 cell lines. Unpurified transgenic
splenocytes (A and D), a Thi cell line (B and E), and a cloned Th2 line
(C and F) were stained for surface expression of DO11.10 clonotypic
TCR with the mAb KJ1-26 and for CD4 (A-C) or Pgp-1 (D-.F) and
were analyzed by two-color flow cytometry. Thl cell lines were
generated by extended culture (more than three stimulations) in the
presence of anti-IL-10 mAb SXC-1. Cloned Th2 cells were derived
from cultures initiated in the presence of IL-4. Numbers indicate the
percentage of cells in each quadrant (e.g., in A, 26%6 of the cells show
surface expression of DO11.10 TCR and CD4, and 41% express
neither).

and biotinylated mAb TRFK4 (32) as the secondary anti-
body. Staining reagents, biotinylated goat anti-rabbit
(1:20,000) and avidin D-peroxidase conjugate (1:5000) (Vec-
tor Laboratories), were developed with 3,3',5,5'-tetrameth-
ylbenzidine (Medic Biotech, Foster City, CA).
Flow Cytometry. Two-color flow cytometric analysis used

biotinylated KJ1-26 and streptavidin-phycoerythrin conjugate
(Southern Biotechnology Associates, Birmingham, AL) and
fluorescein-conjugated GK1.5 (anti-mouse-CD4; Becton
Dickinson) or IM7 (anti-mouse Pgp-1; Pharmingen, San Di-
ego).

RESULTS
T Cells from Nonimmunized TCR-Transgenic Mice Are

Naive. Pgp-1, a putative memory-cell marker (33), was not

Table 1. Effects of cytokines and anti-cytokine-mAbs on the
emergence of Th phenotype experiment of Fig. 2

IL-2, units/ml IL-5, pg/ml

Addition 1 2 3 1 2 3
IL-4 130 27 4 <1.0 9.9 140.2
11B11 187 101 88 1.6 <1.0 2.0
IL-10 110 84 109 <1.0 2.0 25.7
SXC-1 124 101 112 <1.0 1.7 6.8
None 202 109 122 <1.0 2.4 20.6
IL-2 and IL-5 production is shown for stimulations 1-3.

expressed by freshly isolated T cells from nonimmunized
transgenic mice but was expressed at high levels after in vitro
stimulation with Ova and acquisition of either the Thl or the
Th2 phenotype (Fig. 1). Freshly isolated transgenic T cells did
not express the high-affinity IL-2 receptor, also consistent
with a naive surface phenotype (data not shown) (34). Fur-
ther, T cells from nonimmunized mice stimulated in vitro with
Ova-(323-339) presented by BALB/c splenocytes produced
primarily IL-2, with low to undetectable IL-4 and IFN-y
production, characteristic of naive T-cell populations (Fig.
2A; Table 1) (34, 35). When these T cells were subsequently
reactivated, they acquired the capacity to produce large
amounts of IL-4 or IFN-y (Fig. 2 B and C).
Regulton of Th Phenotype by IL-4. IL-4 has been reported

to favor the development ofa Th2 phenotype in other systems
(14, 15). Addition of IL-4 (200 units/ml) to a primary T-cell
activation mixture rapidly led to a strong Th2 phenotype, with
high IL-4 and IL-S secretion and markedly reduced IFN-,y and
IL-2 secretion compared with controls (Fig. 2B and C; Tables
1 and 2). Neutralizing IL-4 with mAb ilB11 (10 ,ug/ml) during
primary T-cell activation resulted in the Thl phenotype with
strong IFN-'y and IL-2 production and low to undetectable
IL-4 and IL-S production (Fig. 2 B and C; Tables 1 and 2). The
Thl phenotype was also obtained when the anti-IL-4 receptor
mAb Ml was used to block IL-4 receptor activation during
primary T-cell activation (data not shown) (36).
The ability of anti-IL-4 mAb to produce the Thl phenotype

suggested the presence of endogenous IL-4 in primary T-cell
cultures activated with antigen. We therefore measured the
IL-4 produced by activation of primary T cells with antigen
and BALB/c splenocytes (Fig. 3). While high levels of IL-2
were produced by day 2 (Fig. 3A), low to undetectable levels
of IL-4 were present on day 2 after primary stimulation (Fig.
3C). By days 3 and 4, IL-4 had accumulated to 5-15 units/ml.
This endogenous level of IL-4 produced T-cell lines with an
intermediate cytokine secretion pattern, without strong
skewing toward either phenotype (Table 2). Addition of as
little as 25 units of IL-4 per ml produced significant skewing
toward the Th2 phenotype, with 50-200 units/ml giving
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FIG. 2. Effects of cytokines and anti-cytokine mAbs on the emergence of Th phenotype. Shown are cytokine profiles measured by ELISA
on day 2 of the primary (A), secondary (B), or tertiary (C) stimulation. The primary stimulation mixture contained added cytokine. Naive T
cells were purified and stimulated with Ova-(323-339) peptide presented by BALB/c splenocytes. Cultures were maintained with either IL-4,
the anti-IL-4 mAb 11B11, IL-10, the anti-IL-10 mAb SXC-1, or no cytokines (control, CTRL). To determine the cytokine profile, T cells
previously maintained with added cytokine were washed and restimulated without added cytokine (B and C). This experiment was repeated
four times, with similar results.
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FIG. 3. Cytokine levels during the
s{~' 4 s{ \ primary activation of naive T cells. Naive

4 . > 8tT cells were purified and activated with

Ova peptide presented by BALB/c sple-

nocytes or TA3 cells. Supernatant was
2 3 4 5 2 3 4 5 harvested from identical wells on the day

Days in culture indicated and assayed by ELISA.

maximal effects (Table 2). IL-4 accumulation was lower in
primary culture initiated by TA3 rather than BALB/c sple-
nocytes as APCs (Fig. 3).

IL-4 Does Not Influence the Phenotype of Committed T Cells.
Given the profound effects of IL-4 or liB11 on phenotype
during the primary stimulation (Fig. 2B), we determined
whether these effects would operate on more-differentiated
T-cell lines. IL-4 was added to either the first, second, or third
stimulation of cultures previously maintained with ilB11.
Cytokine production by IL-4-induced and noninduced control
T-cell lines was determined, and the results are expressed as

a ratio of cytokine production by IL-4-induced versus nonin-
duced lines (Table 3). The strong enhancement of IL-4 pro-

duction induced by IL-4 was most effective during the primary
stimulation. This suggests that Thl precursors quickly lose
their ability to respond to a signal from IL-4.

IL-10 Exerts Distinct Regulatory Influences on Phenotype
Development. IL-10 was originally described as a Th2-derived
factor that inhibited cytokine synthesis by Thi but not Th2
clones (22). Addition of IL-10 (10 units/ml) during T-cell
activation did not upregulate IL-4 or IL-5 production, or
inhibit IL-2 production, in contrast to the effect of IL-4
(Fig. 2; Table 1). Higher doses of IL-10 decreased IFN--y
production slightly but had no effect on IL-4 production (data
not shown). Neutralization ofendogenous IL-10 with the mAb
SXC-1 (10 ,ug/ml) during T-cell activation markedly increased
IFN-y production and reduced IL-4 and IL-5 production (Fig.
2; Table 1). While neutralization of either IL-4 or IL-10
markedly enhanced IFN-y production, only the addition of
IL-4, and not IL-10, increased IL-4 and IL-5 production. This
difference suggests that IL-4 and IL-10 may act through
different cellular mechanisms. We therefore determined the
abilities ofdifferent APCs to mediate the effects ofIL-4 and/or
IL-10 on T-cell phenotype development.
APCs that were able to initiate and maintain the prolifer-

ation and differentiation of transgenic T cells included I-Ad-
transfected fibroblasts (data not shown), the B-cell hybrid-
oma TA3, BALB/c splenocytes, and SCID splenocytes,
which lack B and T cells (Fig. 4). Purified resting B cells,

Table 2. Titration of IL-4 effect on the development of Th cells
toward distinct phenotypes

Conc., IL-2, IFN-,y, IL-4,
Addition units/ml units/ml units/ml units/ml
11B11 310 5000 0
None 238 1873 329
IL-4 12.5 164 603 891

25.0 107 631 1236
50.0 20 326 1983
100.0 21 369 2129
200.0 23 358 1838

Purified naive transgenic T cells were stimulated twice with
Ova-(323-339) peptide presented by BALB/c splenocytes in the
presence of 11B11 (10 yg/ml), IL-4 (as indicated), or no cytokine.
The cells were restimulated without addition of IL-4 or 11B11, and
supernatant was harvested on day 2 for cytokine analysis. This
experiment was done twice with similar results.

activated peritoneal macrophages (37), and the macrophage-
like cell lines J774, P388D1, and WEHI-3 were relatively poor
APCs for naive T cells and were unable to propagate T-cell
cultures (data not shown).
The effect of IL-4 addition on phenotype development was

independent of the APCs used to initiate and maintain T cells.
Thus, when BALB/c splenocytes, SCID splenocytes, and
TA3 B-hybridoma cells were used, addition of IL-4 induced
a strong Th2 phenotype, with high levels of IL-4 and little or
no IFN--y production (Fig. 4 A, C, and E). Thus, in the
presence of IL-4, B cells may influence a response toward the
Th2 phenotype but are not essential for development of this
phenotype. For each APC tested, neutralization of IL-4 in the
primary activation led to T-cell lines that were later unable to
produce IL-4 but did secrete IFN-'y. Even the B hybridoma
TA3 allowed development toward the Thl phenotype when
IL-4 was neutralized, although the production of IFN-y was
markedly reduced compared with splenic APCs (Fig. 4C).

In contrast to the APC-independent effects of IL-4, the
effects of IL-10 depended on the APCs used to initiate T-cell
activation. When irradiated BALB/c or SCID splenocytes
were used as APCs, neutralization of IL-10 with SXC-1
markedly enhanced IFN-y production and inhibited IL-4
production (Fig. 4 B and F). However, when the B-cell
hybridoma TA3 was used to activate and propagate primary
T cells, neutralization of IL-10 had little effect on the devel-
oping cytokine profile, producing a Th2 phenotype similar to
that of the TA3 control culture (Fig. 4D).
The effects of IL-4 on Th phenotype development are

dominant over those of IL-10. Thus, addition of IL-4 to T
cells activated by antigen and BALB/c splenocytes gener-
ated the Th2 phenotype both when IL-10 was added to the
system and when endogenous IL-10 was neutralized by the
addition of SXC-1 (Fig. 5A). Neutralization of endogenous
IL-4 by the addition of ilB11 led to the Thl phenotype,
although the level of IFN-y production continued to be
regulated by IL-10 (Fig. 5A). This implies that IL-10 is not
required for development of the Th2 phenotype, although it

Table 3. Capacity of IL-4 to induce a Th2 phenotype is
diminished after the primary stimulation

Ratio of cytokine synthesis
Stimulation (IL-4 vs. control cultures)
with IL-4 IL-2 IFN-y IL4

1 0.79 (85) 0.17 (2099) 114.6 (<5)
2 0.66 (285) 0.33 (7500) 9.4 (<5)
3 1.06 (122) 0.77 (6621) 4.0 (<5)

IL-4 (200 units/ml) was added to T-cell cultures during the first,
second, or third in vitro stimulation. Prior to IL-4 addition, cultures
were stimulated in the presence of 11B11. Results are expressed as
ratio of cytokine production after restimulation by T cells to which
IL-4 was added compared to control cultures stimulated in the
presence of 11B11 during the first or the first and second stimula-
tions. Values >1 indicate an induction ofcytokine production caused
by IL-4. Absolute cytokine production by control cultures (units/ml)
is shown in parentheses and shows a progression to a Thl phenotype.
Data are representative of three experiments.
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FIG. 4. Distinct regulatory influences on phenotype development
by IL-4 and IL-10. Shown are cytokine profiles from the third
stimulation ofT cells influenced by both cytokines and APCs. Naive
T cells were purified and stimulated with Ova peptide. BALB/c
splenocytes (A and B), the B hybridoma TA3 (C and D), and SCID
splenocytes (E and F) were used as APCs. T cells were maintained
in the presence of added IL-4, 11B11, IL-10, SXC-1, or no cytokines
(control, CTRL). IL-4 and 11B11 (A, C, and E) were not added
during this stimulation. IL-10 and SXC-1 (B, D, and F) were added
in this stimulation, but we have found in subsequent experiments that
the continued presence of IL-10 or SXC-1 has little effect by the third
stimulation. The combination ofSCID APCs and 11B11 was not done
in this experiment. Other experiments showed that the effects of
11B11 are comparable when either SCID or BALB/c splenocytes are
the APCs. These conditions were examined at least three times, with
similar results.

may inhibit Thi development. When TA3 cells were used as

APCs, IL-10 did not affect IFN-y production during pheno-
type emergence, and IL-4 continued to dominate phenotype
development (Fig. 5B). Thus, neutralization ofIL-4 produced
a Thl phenotype with TA3 cells as APCs, with or without
manipulation of IL-10 levels. Again, these Thl cells produced
lower IFN-y levels than when BALB/c splenocytes were
used as APCs (Fig. 5B). These findings underscore a funda-
mental difference in mechanism of action between IL-4 and
IL-10 for T-cell phenotype development.

DISCUSSION
This transgenic system provides for physiologic activation of
T cells by antigen-major histocompatibility protein com-
plexes presented on APCs. A further advantage is that the
T-cell population appears uniformly naive and has a single
TCR with homogeneous affinity for Ova antigen. Other
systems have employed in vivo primed (16), allogeneic (14),
or mitogen-activated (14, 15) T cells, which may not be
homogeneous and may include memory or differentiated T
cells. We have shown that naive T cells with identical TCRs
can develop into both Thi and Th2 phenotypes under certain
controlled cytokine and APC conditions. Initially, we exam-

12 -

8'

4-

124

8

4

2 4

IFN-y, (units/ml) x 10-3

FIG. 5. IL-4 dominates IL-10 in influencing phenotype develop-
ment. BALB/c splenocytes (A) or TA3 B-hybridoma cells (B) were
used as APCs to prime purified naive T cells with antigen. Levels of
IL-4 and IL-10 were regulated through combinations of cytokine and
anti-cytokine mAbs. IL-4 or 11B11 was added alone or with IL-10 or
SXC-1 during the previous stimulations. The cells were washed and
restimulated without added cytokine. A culture without added cy-
tokine (CTRL) is included for reference. This experiment was done
twice, with similar results.

ined several cytokines for effects on phenotype development.
We found unremarkable effects for additions of IL-1, anti-
IL-1 antibodies, tumor necrosis factor a, and IFN-'y (data not
shown). Neutralization of IFN-y during in vitro priming
skewed the response toward the Th2 phenotype (data not
shown). In this report, we have focused on the role of IL-4
and IL-10 and the role ofAPCs in this developmental system.
The data show that IL-4 acts directly to promote Th2 devel-
opment, whereas IL-10 acts to inhibit the capacity of some
APCs to drive Thi development.

Evidence from both in vivo and in vitro models suggests that
cytokines, such as IL-4, IFN-'y, and transforming growth
factorf, have a major role in Th development (17-19, 38-40).
IL-4 enhances IL-4 production in heterogeneous T cells acti-
vated by concanavalin A or anti-CD3 (14, 15). Our studies add
to the understanding of the effects of IL-4 on phenotype
development. First, these data show that the effects of IL-4
occur regardless of the APCs used to activate naive T cells.
Thus, IL-4 addition leads to the Th2 phenotype when antigen
is presented by BALB/c splenocytes, SCID splenocytes, or
TA3 B-hybridoma cells. Second, these effects ofIL-4 are most
marked in the primary activation of uncommitted T cells and
are not seen in stimulation ofT cells previously activated in the
absence of IL-4 (Table 3). The effects of IL-4 on development
in this system occur at relevant concentrations (i.e., in the
range produced by T cells in a primary stimulation; Table 2)
and can be blocked by anti-IL4receptor antibodies.

Studies of fully differentiated cloned T-cell populations led
some to suggest that APCs may determine the phenotype of
responding T cells (38-40). Gajewski et al. (40) propose that
B cells and macrophages, which provided optimal prolifera-
tive responses for cloned Th2 and Thl cells, respectively,
might direct the development of these phenotypes. Others
argue that macrophages promote Th2 development due to
production of IL-1, a costimulator for Th2 cells (39, 41),
whereas B cells promote development of neither Th pheno-
type. All of these arguments strictly apply only to the
proliferative requirements of fully differentiated Th clones
and may not be germane to the developmental requirements
of naive T cells. We have demonstrated that at least under
certain cytokine conditions, the APC does not exclusively
restrict development toward either phenotype. In vivo, the
cytokine production from many cell types may contribute to
phenotype development. Thus, Thi as well as Th2 cells can
develop when the initiating APC population is either B-cell-
deficient (SCID splenocytes) or entirely B-cell-like (TA3)
(Fig. 4). This suggests that B cells or macrophages may help
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direct the phenotype of an immune response but are not
exclusively required for development of either phenotype.
Thus, development can be directed by extremes of IL-4
during initiation by several types ofAPCs. For example, IL-4
production from nonspecific immune cells, such as mast cells
or basophils, could potentially bias the direction of Th phe-
notype development (42).

In this system, IL-4 was produced endogenously at mod-
erate levels during primary T-cell activation (Fig. 3). Without
manipulation, these levels of IL-4 do not strongly skew
development toward either the Thl or the Th2 phenotype.
Under these conditions, certain APCs preferentially direct
development toward one phenotype. Further, for some APCs,
this capacity is modulated by IL-10. For example, the ability
of splenic APCs, probably macrophages or dendritic cells, to
strongly direct development toward the Thl phenotype is
unmasked by neutralizing endogenously produced IL-10 (Fig.
4 B and F). Thus IL-10, a cytokine produced by Th2 cells,
macrophages, and Ly-1+ B cells (43, 44), may suppress the
development of Thl-type responses. In contrast, without cy-
tokine manipulations, the B-cell hybridoma TA3 preferentially
induces a Th2-like phenotype and does not induce a Thl
phenotype even when IL-10 is neutralized (Fig. 4 C and D).
These phenomena could be attributed to factors such as B7
(45, 46), expressed by some but not all APCs. IL-10 may
operate by regulating the expression of such factors on APCs.

In Leishmania major infections, Thi responses correlate
with resolution of disease, whereas Th2 responses result in
exacerbation of disease. Administration of an anti-IL-4 anti-
body during Leishmania infection of BALB/c mice confers a
healer, Thl-like phenotype (12), while administration of anti-
IL-10 antibody does not (47), consistent with our demonstra-
tion in vitro that IL-4 can dominate IL-10 in affecting pheno-
type development. Administration of anti-IFN-y antibodies
produces a nonhealer phenotype in normally resistant (healer)
strains (12), consistent with our preliminary in vitro finding
that neutralization of IFN-y leads to a Th2 response. In vivo
administration ofIFN-y (12) does not permanently alter the Th
response toward Leishmania, consistent with our finding that
in vitro addition of IFN-y (1000 units/ml) does not alter Th
phenotype significantly from controls (data not shown). How-
ever, while we find that additions of IL-4 consistently lead to
a strong Th2 phenotype, administration of IL-4 in vivo fails to
convert a resistant strain to a nonhealer phenotype (47). Our
in vitro system, therefore, can reflect in vivo Th development
and is a useful model for examination of the individual cellular
interactions and cytokine regulation of Th development.
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